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The	
  Hydrometerology	
  Testbed	
  (HMT)	
  conducts	
  research	
  on	
  precipitation	
  
and	
  weather	
  conditions	
  that	
  can	
  lead	
  to	
  flooding,	
  and	
  fosters	
  transition	
  of	
  
scientific	
  advances	
  and	
  new	
  tools	
  into	
  forecasting	
  operations.	
  HMT's	
  outputs	
  
support	
  efforts	
  to	
  balance	
  water	
  resource	
  demands	
  and	
  flood	
  control	
  in	
  a	
  
changing	
  climate.	
  	
  HMT	
  aims	
  to:	
  
	
  
•  accelerate	
  the	
  development	
  and	
  prototyping	
  of	
  advanced	
  

hydrometeorological	
  observations,	
  models,	
  and	
  physical	
  process	
  
understanding	
  

•  fosters	
  infusion	
  of	
  these	
  advances	
  into	
  operations	
  of	
  the	
  National	
  Weather	
  
Service	
  (NWS)	
  and	
  the	
  National	
  Water	
  Center	
  (NWC)	
  

•  supports	
  the	
  broader	
  needs	
  for	
  21st	
  Century	
  precipitation	
  information	
  for	
  
flood	
  control,	
  water	
  management,	
  and	
  other	
  applications	
  

NOAA	
  Hydrometeorology	
  Testbed	
  (HMT)	
  



•  Floods	
  annually	
  cause	
  80	
  fatali<es	
  +	
  $5.2	
  B	
  damage	
  on	
  average	
  (~50%	
  of	
  the	
  annual	
  average	
  U.S.	
  
natural	
  disaster	
  losses)	
  

Source:	
  	
  NOAA	
  Economic	
  Sta2s2cs,	
  2006	
  
•  2011	
  had	
  11	
  natural	
  disasters	
  in	
  the	
  U.S.	
  exceeding	
  $1	
  B	
  in	
  losses	
  –	
  most	
  were	
  related	
  to	
  flooding	
  



ARkStorm: An emergency 
preparedness scenario for California 	
  

USGS	
  organized	
  a	
  large	
  team	
  of	
  experts.	
  
	
  
A	
  meteorology	
  team	
  led	
  by	
  Mike	
  
DeXnger	
  and	
  Marty	
  Ralph	
  was	
  formed	
  
and	
  built	
  a	
  plausible	
  physical	
  scenario.	
  	
  
Back-­‐to-­‐back	
  extreme	
  AR	
  events	
  (mostly	
  
based	
  on	
  actual	
  1969	
  and	
  1986	
  storms)	
  
struck	
  over	
  about	
  3	
  weeks	
  .	
  	
  Considers	
  the	
  
1861/82	
  floods	
  as	
  an	
  example.	
  	
  
	
  
The	
  meteorological	
  scenario	
  was	
  then	
  
given	
  to	
  follow-­‐on	
  groups	
  of	
  experts	
  in	
  
damage	
  assessment	
  and	
  economic	
  
disrup<on	
  es<ma<on	
  and	
  has	
  become	
  the	
  
basis	
  for	
  emergency	
  preparedness	
  
exercises.	
  
	
  
	
  
	
  
	
  

De9nger	
  et	
  al.	
  2011	
  (Natural	
  Hazards)	
  

Projected	
  damage	
  and	
  
economic	
  losses	
  exceed	
  

$500	
  B	
  



Assessment	
  of	
  Extreme	
  QuanXtaXve	
  PrecipitaXon	
  Forecasts	
  (QPFs)	
  and	
  Development	
  of	
  
Regional	
  Extreme	
  Event	
  Thresholds	
  Using	
  Data	
  from	
  HMT-­‐2006	
  and	
  COOP	
  Observers	
  

F.	
  M.	
  Ralph,	
  E.	
  Sukovich,	
  D.	
  Reynolds,	
  	
  M.	
  DeXnger,	
  S.	
  Weagle,	
  W.	
  Clark,	
  and	
  	
  P.	
  J.	
  Neiman	
  
Journal	
  of	
  Hydrometeorology	
  (2010)	
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41	
  West	
  Coast	
  sites	
  
were	
  used	
  

The	
  ForecasXng	
  Challenge	
  

Forecas<ng	
  large	
  precipita<on	
  
amounts	
  is	
  difficult	
  

On	
  average	
  forecasts	
  are	
  
50%	
  less	
  than	
  observa<ons	
  

Of	
  the	
  20	
  dates	
  with	
  >3	
  inches	
  of	
  precipitaXon	
  
in	
  1	
  day,	
  18	
  were	
  associated	
  with	
  ARs.	
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“Water	
  is	
  the	
  next	
  oil.”	
  

•  Conclusion	
  of	
  a	
  NaXonal	
  Security	
  report	
  on	
  
risks	
  associated	
  with	
  changing	
  climate.	
  



Decreasing	
  California	
  Snowpack	
  
Snow	
  pack	
  acts	
  as	
  a	
  natural	
  reservoir	
  for	
  summer	
  and	
  fall	
  water	
  supply.	
  
Its	
  capacity	
  is	
  projected	
  to	
  decrease	
  significantly	
  in	
  a	
  warmer	
  climate.	
  

Under	
  an	
  ensemble	
  of	
  climate	
  scenarios,	
  there	
  is	
  marked	
  reduc<on	
  in	
  spring	
  snow	
  pack:	
  	
  	
  
•  by	
  2100	
  	
  the	
  chance	
  of	
  achieving	
  historical	
  median	
  SWE	
  falls	
  to	
  about	
  10%.	
  
•  by	
  2100	
  	
  the	
  chance	
  of	
  SWE	
  at	
  or	
  below	
  10	
  percen<le	
  historical	
  rises	
  to	
  about	
  40%.	
  	
  

Courtesy	
  of	
  Dan	
  Cayan	
  USGS	
  &	
  SIO	
  



When	
  Weather	
  Matters	
  (Nat’l	
  Academies	
  Press)	
  
•  Need	
  for	
  enhanced	
  mesoscale	
  profiling	
  networks	
  to	
  improve	
  forecasts	
  of	
  very	
  

high	
  impact	
  events	
  
•  Need	
  for	
  improved	
  hydrologic	
  forecast	
  skill	
  and	
  new	
  hydrometeorological	
  

observations	
  for	
  model	
  initialization,	
  improvement	
  of	
  model	
  physics,	
  data	
  
assimilation	
  ,	
  validation	
  

	
  
Observing	
  Weather	
  and	
  Climate	
  from	
  the	
  Ground	
  Up	
  (Nat’l	
  Academies	
  Press)	
  
•  Importance	
  of	
  observational	
  testbeds	
  as	
  a	
  research	
  to	
  operations	
  tool	
  
	
  
NOAA	
  Next	
  Generation	
  Strategic	
  Plan	
  
•  Weather-­‐Ready	
  Nation	
  Goal	
  

•  Reduced	
  loss	
  of	
  life,	
  property,	
  and	
  disruption	
  from	
  high-­‐impact	
  events	
  
•  Improved	
  freshwater	
  resource	
  management	
  

•  Climate	
  Adaptation	
  and	
  Mitigation	
  Goal	
  
•  Improved	
  scientific	
  understanding	
  of	
  the	
  changing	
  climate	
  system	
  and	
  its	
  

impacts	
  

NAS	
  and	
  NOAA	
  Drivers	
  



OAR	
  
ESRL	
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  Sciences	
  Division	
  
ESRL	
  Global	
  Systems	
  Division	
  
National	
  Integrated	
  Drought	
  and	
  Information	
  Systems	
  
National	
  Severe	
  Storms	
  Laboratory	
  

NESDIS	
  
Center	
  for	
  Satellite	
  Applications	
  and	
  Research	
  

NWS	
  
Various	
  Local	
  Weather	
  Forecast	
  Offices	
  
Various	
  Regional	
  River	
  Forecast	
  Centers	
  
Various	
  Regional	
  Headquarters	
  	
  Offices	
  
National	
  Operational	
  Hydrologic	
  Remote	
  Sensing	
  Center	
  
NCEP	
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  Modeling	
  Center	
  
Office	
  of	
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  Development	
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  Environmental	
  Modeling	
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National	
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  Remote	
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  Center	
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Western	
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  Climate	
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Collaborative	
  Science	
  Technology	
  and	
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  Research	
  Program	
  

Key	
  Partners	
  and	
  Stakeholders	
  -­‐	
  NOAA	
  



Federal	
  
U.S.	
  Army	
  Corps	
  of	
  Engineers	
  
U.S.	
  Geological	
  Survey	
  

State	
  
California	
  Department	
  of	
  Water	
  Resources	
  
Renaissance	
  Computing	
  Institute	
  

Local	
  
Sacramento	
  Regional	
  Flood	
  Control	
  Agency	
  
Sonoma	
  County	
  Water	
  Agency	
  

Academic	
  
UCAR	
  Developmental	
  Testbed	
  Center	
  
Colorado	
  State	
  University	
  
University	
  of	
  Colorado	
  
University	
  of	
  Washington	
  
Scripps	
  Institution	
  for	
  Oceanography	
  

Related	
  
California	
  Energy	
  Commission	
  
	
  

	
  

Key	
  Partners	
  and	
  Stakeholders	
  –	
  Non-­‐NOAA	
  

HMT-­‐West	
  
Meeting	
  2010	
  

	
  
Santa	
  Rosa,	
  CA	
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hmt.noaa.gov	
  

“HMT	
  News”	
  
Stories	
  added	
  
every	
  1-­‐2	
  weeks	
  



HMT	
  Uses	
  ScienXfic	
  Peer	
  Review	
  to	
  Ensure	
  Results	
  Have	
  A	
  
Solid	
  ScienXfic	
  FoundaXon	
  and	
  MulXdisciplinary	
  Impacts	
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Peer-­‐reviewed	
  
publications*	
  

Number	
  of	
  
different	
  journals	
  
published	
  in**	
  

*Papers must have used data or model information directly from HMT or its predecessors CALJET and PACJET (full bibliography 
with these 60 publications is available at hmt.noaa.gov) 
 
**Journals published in (15): Geophys. Res. Lett., J. Hydrometeor., Mon. Wea. Rev., J. Tech., Water Resources Research, Water 
Management, J. Climate, Bull. Amer. Meteor. Soc, Weather and Forecast, IEEE Trans. Geoscience and Remote Sensing, etc…  



Selected	
  Accomplishments	
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Research	
  has	
  IdenXfied	
  Atmospheric	
  	
  Rivers	
  as	
  the	
  
Primary	
  Meteorological	
  Cause	
  of	
  	
  

Extreme	
  PrecipitaXon	
  &	
  Flooding	
  on	
  U.S.	
  West	
  Coast	
  

10.5 

13.8 

16.5 

7.6 

8.8 

Monterey 

Santa 
Barbara 

“Three	
  Peaks”	
  
raingage	
  

Ralph,	
  F.M.,	
  and	
  M.D.	
  
DeXnger,	
  2011:	
  Storms,	
  
Floods	
  and	
  the	
  Science	
  of	
  
Atmospheric	
  Rivers.	
  	
  EOS,	
  
TransacDons,	
  Amer.	
  
Geophys.	
  Union.,	
  92,	
  
265-­‐266.	
  



Atmospheric	
  rivers:	
  SSM/I	
  Satellite	
  data	
  for	
  two	
  recent	
  
examples	
  that	
  produced	
  extreme	
  rainfall	
  and	
  flooding	
  

From	
  Ralph	
  et	
  al.	
  2011,	
  Mon.	
  Wea.	
  Rev.	
  

These	
  color	
  images	
  
represent	
  satellite	
  
observa<ons	
  of	
  
atmospheric	
  water	
  
vapor	
  over	
  the	
  oceans.	
  
	
  
Warm	
  colors	
  =	
  moist	
  air	
  
Cool	
  colors	
  =	
  dry	
  air	
  
	
  
ARs	
  can	
  be	
  detected	
  
with	
  these	
  data	
  due	
  to	
  
their	
  dis<nc<ve	
  spa<al	
  
paoern.	
  
	
  
In	
  the	
  top	
  panel,	
  the	
  AR	
  
hit	
  central	
  California	
  
and	
  produced	
  18	
  inches	
  
of	
  rain	
  in	
  24	
  hours.	
  
	
  
In	
  the	
  booom	
  panel,	
  the	
  
AR	
  hit	
  the	
  Pacific	
  
Northwest	
  and	
  stalled,	
  
crea<ng	
  over	
  25	
  inches	
  
of	
  rain	
  in	
  3	
  days.	
  18	
  





18–21 Jan 2012 AR Event  (analysis courtesy of Ben Moore, Jay Cordeira)	
  

•  The long duration of AR conditions in Oregon and northern California supported widespread 
heavy rainfall 

•  72-h precipitation totals exceeding 100 mm were common along the west coast, with largest 
amounts observed in southwestern Oregon and northwestern CA 

•  Localized precip. totals ranged from 400 mm to >500 mm (R-CATs 3–4) in this region  

Time-integrated IVT 12 UTC 18 Jan–12 UTC 21 Jan 



LARGEST	
  3-­‐DAY	
  PRECIPITATION	
  TOTALS,	
  1950-­‐2008	
  

Ralph,	
  F.M.,	
  and	
  DeXnger,	
  M.D.,	
  Historical	
  and	
  na<onal	
  perspec<ves	
  on	
  extreme	
  west-­‐coast	
  
precipita<on	
  associated	
  with	
  atmospheric	
  rivers	
  during	
  December	
  2010:	
  Bulle<n	
  of	
  the	
  
American	
  Meteorological	
  Society,	
  (in	
  press,	
  Nov	
  2011)	
  

Primarily	
  due	
  to	
  
Atmospheric	
  River	
  events	
  



Vertical structure documented offshore 

  17 research aircraft missions offshore 
of CA documented atmospheric river 
structure. 

        
    

Atmospheric River 

  Wind, water vapor and static stability 
within atmospheric rivers are ideal for 
creation of heavy rainfall when they 
strike coastal mountains. 

  These characteristics were present in 
both El Nino and Neutral winters 

Low-level jet 

Dropsonde observations in low-
level jets over the Northeastern 

Pacific Ocean from CALJET-1998 
and PACJET-2001 

 
Ralph, F. M., P. J., Neiman and R. Rotunno  

 
Mon. Wea. Rev., 2005 

Moist-neutral stratification 
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Key	
  Features	
  Associated	
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Physical	
  condiXons	
  required	
  for	
  extreme	
  precipitaXon	
  
Wind	
  in	
  the	
  controlling	
  layer	
  near	
  1	
  km	
  MSL	
  
speed	
  >	
  12.5	
  m/s,	
  and	
  preferred	
  direc<on	
  

Water	
  vapor	
  content	
  
ver<cally	
  integrated	
  water	
  vapor	
  (IWV)	
  >	
  2	
  cm	
  

Snow	
  level	
  
Above	
  top	
  of	
  watershed	
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0-­‐50	
  km	
  between	
  wind	
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site	
  and	
  S-­‐PROF	
  precipita<on	
  profiler	
  

Ocean 
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shadow	
  

Plan	
  view	
  
Rain	
  

shadow	
  

Wind	
  
direc<on	
  
in	
  AR	
   Mountains 

S-­‐PROF	
  data	
  up	
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  10	
  km	
  MSL	
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AR conditions 
detected at Bodega 
Bay by ARO: 
GPS-Met IWV > 2 cm, 
Low-level jet >50 kt 
Heavy rain >0.5 in/hr 

ARO Flux tool  
- available real time 

Uses  
objective  
thresholds 

IWV 

Upslope 
wind 

“Bulk” Vapor transport 

Neiman et al., 2009 
J. Water Management 

Model forecasts 
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An	
  AR-­‐focused	
  long-­‐term	
  observing	
  
network	
  is	
  being	
  installed	
  in	
  CA	
  as	
  part	
  
of	
  a	
  5-­‐year	
  project	
  between	
  CA-­‐DWR,	
  
NOAA	
  and	
  Scripps	
  Inst.	
  of	
  
Oceanography	
  
-­‐  Installed	
  2008-­‐2013	
  
-­‐  93	
  field	
  sites	
  

California	
  has	
  begun	
  
implementaXon	
  of	
  key	
  
land-­‐based	
  sensors	
  

AROs	
  

Snow-­‐level	
  radars	
  



Ver<cally	
  integrated	
  water	
  vapor	
  (cm)	
  

New	
  observaXons	
  on	
  13	
  March	
  2012	
  

Snow	
  level	
  observing	
  network	
  showing	
  the	
  
“snow	
  level”	
  in	
  1000’s	
  of	
  feet	
  above	
  sea	
  
level.	
  	
  The	
  snow	
  level	
  is	
  the	
  al<tude	
  above	
  
which	
  precipita<on	
  is	
  occurring	
  as	
  snow	
  at	
  

that	
  place	
  and	
  <me.	
  

Water	
  vapor	
   Snow	
  Level	
  

7	
  inches	
  of	
  rain	
  in	
  24	
  h	
  

>5	
  inches	
  of	
  rain	
  in	
  24	
  h	
  

No	
  rain	
  in	
  24	
  h	
  



Shasta	
  dam:	
  2.66	
  inches	
  

Oroville:	
  3.08	
  inches	
  

Colfax:	
  4.73	
  inches	
  

FMCW	
  radar	
  network	
  snow-­‐level	
  example	
  



Coastal	
  Mountain	
  

Central	
  Valley	
  

Sierra	
  Foothills	
  

Coastal	
  Valley	
  

Snow	
  level	
  drop	
  
propagated	
  inland	
  



HMT	
  Findings	
  used	
  in	
  NWS	
  Training	
  
•  Improved	
  situa<onal	
  
awareness	
  

•  Advance	
  lead	
  <me	
  that	
  
a	
  “big	
  event”	
  may	
  be	
  
coming,	
  a	
  few	
  days	
  
ahead	
  

•  Details	
  on	
  loca<ons,	
  
<ming	
  and	
  strength	
  
improve	
  as	
  event	
  
nears,	
  but	
  precipita<on	
  
amounts	
  are	
  generally	
  
underpredicted	
  

Forecas<ng	
  Atmospheric	
  Rivers	
  



Howard	
  Hanson	
  Dam	
  
Damaged	
  by	
  Storm	
  in	
  

January	
  2007	
  

Seaile	
  
Howard	
  

Hanson	
  Dam	
  



NOAA/HMT	
  Contributed	
  new	
  AR-­‐related	
  methods	
  as	
  
part	
  of	
  a	
  broad	
  mul<-­‐agency	
  rapid	
  response	
  

Flooding	
  in	
  Western	
  Washington:	
  The	
  
ConnecXon	
  to	
  Atmospheric	
  Rivers	
  

	
  
by	
  Paul	
  J.	
  Neiman,	
  Lawrence	
  J.	
  Schick,	
  F.	
  Mar<n	
  

Ralph,	
  Mimi	
  Hughes,	
  and	
  Gary	
  A.	
  Wick	
  
J.	
  Hydrometeorology	
  (2011)	
  

Of	
  48	
  annual	
  peak	
  daily	
  flows	
  on	
  4	
  
watersheds,	
  46	
  were	
  associated	
  with	
  
the	
  land-­‐fall	
  of	
  atmospheric	
  river	
  
condiXons.	
  



This	
  rapid	
  response	
  effort	
  led	
  to	
  many	
  las<ng	
  lessons,	
  
including	
  demonstra<on	
  of	
  use	
  of	
  ARO	
  data	
  by	
  the	
  

US	
  Army	
  Corps	
  of	
  Engineers	
  (USACE)	
  
•  USACE	
  was	
  	
  considering	
  taking	
  

over	
  opera<on	
  of	
  a	
  dam	
  in	
  
Washington	
  State	
  during	
  a	
  
recent	
  storm.	
  

•  Using	
  the	
  HMT	
  ARO	
  at	
  the	
  
coast	
  and	
  NWS	
  forecasts,	
  
USACE	
  saw	
  the	
  back	
  edge	
  of	
  
the	
  AR	
  was	
  coming	
  ashore	
  and	
  
thus	
  heavy	
  rain	
  was	
  about	
  to	
  
end,	
  so	
  they	
  did	
  not	
  take	
  over	
  
opera<on	
  from	
  the	
  local	
  water	
  
agency.	
  

•  See	
  recent	
  journal	
  ar<cle	
  by	
  
White	
  et	
  al.	
  (February	
  2012;	
  
Bulle<n	
  of	
  the	
  American	
  
Meteorological	
  Society).	
  	
  	
  



HPC	
  introduced	
  new	
  forecast	
  product	
  
-­‐	
  7-­‐day	
  QPF	
  

Enabled	
  by	
  experiences	
  from	
  
HMT:	
  
-­‐  Understanding	
  of	
  ARs	
  
-­‐  New	
  tools	
  to	
  quan<fy	
  ARs	
  
-­‐  Training	
  	
  

Triggered	
  by	
  Howard	
  Hanson	
  Dam	
  
crisis	
  

Recent	
  example	
  
of	
  new	
  product	
  



Quantitative	
  Precipitation	
  Estimation	
  (QPE)	
  



HMT	
  QPE	
  Plan	
  
Coordinate	
  QPE	
  activities	
  across	
  HMT	
  partner	
  organizations	
  

  Includes	
  NOAA,	
  NASA,	
  and	
  academic	
  institutions	
  

Develop	
  strategy	
  to	
  deliver	
  “best	
  possible”	
  QPE	
  to	
  NOAA’s	
  National	
  
Water	
  Center	
  

Three	
  types	
  of	
  activities:	
  
1)  Baseline	
  evaluations	
  (“water	
  now”):	
  Multi-­‐sensor	
  Precipitation	
  
Estimator	
  (MPE),	
  National	
  Mosaic	
  and	
  Multi-­‐sensor	
  QPE	
  (NMQ)	
  Q2,	
  
Mountain	
  Mapper	
  	
  

2) Algorithm	
  improvement	
  (“water	
  next”):	
  Vertical	
  Profile	
  of	
  Reflectivity	
  
(VPR),	
  intelligent	
  integration	
  of	
  radar,	
  gauge,	
  satellite,	
  and	
  model	
  
data,	
  adaptive	
  Z-­‐R	
  selection	
  

3) Incorporation	
  of	
  next	
  generation	
  sensor	
  technologies	
  and	
  design	
  
optimal	
  networks	
  (“water	
  future”):	
  Adaptive	
  radar	
  networks,	
  
observations	
  system	
  experiments	
  (OSEs),	
  etc	
  



APPEND	
  Strategy	
  for	
  QPE	
  Activities	
  
APPEND:	
  AdaPtive	
  Precipitation	
  Estimation	
  Network	
  Design	
  

  Evaluate	
  QPE	
  systems	
  in	
  different	
  topographic/regional	
  settings	
  

  Improve	
  understanding	
  of	
  sensor	
  networks,	
  modeling	
  tools,	
  data	
  
assimilation	
  in	
  current	
  QPE	
  systems	
  

  “Smart”	
  Integration	
  of	
  QPE	
  from	
  ground	
  and	
  satellite	
  sensors	
  as	
  well	
  as	
  
model	
  QPF	
  	
  

  Platform	
  for	
  incorporating	
  new	
  algorithms	
  and	
  future	
  technologies	
  	
  

  Design	
  system	
  to	
  test	
  new	
  algorithms	
  and	
  future	
  technologies	
  

  Guide	
  decisions	
  for	
  NWC	
  about	
  QPE	
  forcing	
  in	
  complex	
  terrain	
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•  Evaluate	
  and	
  improve	
  radar	
  QPE	
  in	
  CA	
  watersheds	
  
•  In	
  partnership	
  with	
  NSSL	
  and	
  Office	
  of	
  Hydrologic	
  Development	
  
• Microphysical	
  analysis	
  leading	
  to	
  improvements	
  in	
  vertical	
  profile	
  of	
  
reflectivity	
  correction	
  and	
  Z-­‐R	
  selection	
  –	
  American	
  River	
  Basin	
  

•  Assessment	
  of	
  QPE	
  performance	
  in	
  Russian	
  River	
  Basin	
  
•  Evaluation	
  includes	
  spatial	
  pattern	
  and	
  amounts	
  
•  Impact	
  of	
  gap-­‐fill	
  radar	
  to	
  resulting	
  QPE	
  
•  In	
  partnership	
  with	
  NSSL	
  and	
  OHD	
  	
  

•  Evaluation	
  of	
  radar	
  QPE	
  in	
  Colorado	
  Front	
  Range	
  
• Warm	
  season	
  convection	
  
•  Performance	
  of	
  gap-­‐fill	
  radar	
  QPE	
  compared	
  to	
  NEXRAD	
  
•  Sensitivity	
  of	
  radar	
  QPE	
  in	
  distributed	
  hydrologic	
  model	
  (in	
  partnership	
  
with	
  NCAR)	
  

•  Evaluation	
  and	
  improvement	
  of	
  QPE	
  in	
  HMT-­‐SE	
  
• Assessment	
  of	
  NEXRAD	
  dual-­‐pol	
  rain	
  rate	
  algorithm	
  performance	
  
•  Evaluation	
  and	
  improvement	
  of	
  QPE	
  performance	
  in	
  upper	
  Catawba	
  basin	
  

HMT	
  QPE	
  Activities	
  



Assessment	
  of	
  Radar	
  QPE	
  in	
  American	
  River	
  Basin	
  

Which	
  analysis	
  
is	
  “correct”???	
  

Gauge	
  

Radar	
  Gauge-­‐Radar	
  

48-­‐hr	
  accum:	
  
30	
  Dec	
  2005	
  –	
  
1	
  Jan	
  2006	
  

Statistics	
  for	
  1-­‐H	
  values	
  

0 
2 
4 
6 
8 

10 

RMS error (mm) IOP4 IOP7 

NMQ multisensor Gauge-only 
NMQ radar-only NMQ bias-radar 
StageII radar-only 

RMS	
  Error	
  Statistics	
  
Combined	
  Q2-­‐Gauge	
  QPE	
   • Merged	
  radar-­‐

gauge	
  QPE	
  shows	
  
best	
  performance	
  
(RMS,	
  CC,	
  and	
  
bias)	
  

•  Results	
  suggest	
  
that	
  radar	
  has	
  a	
  
small,	
  but	
  positive	
  
impact	
  on	
  QPE	
  in	
  
the	
  ARB	
  

Radar	
  Only	
  (88D)	
  

DMIP	
  2	
  ‘Basic	
  QPE’	
  

Gauge-­‐Only	
  

Radar-­‐Gauge	
  
Mosaic	
  

Observed	
  Flow	
  

•  Evaluate	
  
sensi<vity	
  of	
  
hydrologic	
  model	
  
(HL-­‐RDHM)	
  to	
  
QPE	
  

•  All	
  simula<ons	
  
predict	
  peak	
  
runoff	
  too	
  early	
  

•  Combined	
  radar-­‐
gauge	
  QPE	
  
produces	
  
simula<on	
  that	
  is	
  
closest	
  to	
  
observed	
  

I.	
  Problem:	
  	
  QPE	
  dependent	
  on	
  input	
  data	
  

•  Input	
  gauges	
  
include	
  NCDC	
  
and	
  CDEC	
  

•  References	
  
gauges	
  are	
  
HMT	
  and	
  
CDEC	
  

•  Input	
  radar	
  
includes	
  NMQ	
  
Q2	
  and	
  Stage	
  
II	
  

•  All	
  data	
  input	
  
into	
  MPE	
  

•  Compare	
  QPE:	
  
gauge-­‐only,	
  
radar-­‐only,	
  
combined	
  
radar-­‐gauge	
  

II.	
  Methodology	
  to	
  Evaluate	
  QPE	
  Products	
  

III.	
  QPE	
  Analysis	
  

IV.	
  Impact	
  on	
  Hydrologic	
  Runoff	
  

Image	
  courtesy	
  of	
  D.	
  
Kitzmiller	
  

Image	
  courtesy	
  of	
  D.	
  Kitzmiller	
  

Image	
  courtesy	
  of	
  D.	
  
Kitzmiller	
  

Image	
  courtesy	
  of	
  M.	
  
Smith	
  

+	
  REFERENCE	
  GAUGE	
  	
  	
  	
  o	
  INPUT	
  GAUGE	
  

+	
  

+	
  
+	
  +	
   o	
  

o	
  

o	
  

o	
  
o	
  

o	
  
TRUCKEE	
  

BOWMAN	
  DAM	
  

o	
  

o	
  

GRASS	
  VALLEY	
  

ROBS	
  PEAK	
  



Vertical	
  Profile	
  of	
  Reflectivity	
  Correction	
  
I.	
  HMT	
  S-­‐Prof	
  Deployment	
  	
  

• high	
  
resolution	
  
observation
s	
  of	
  vertical	
  
structure	
  of	
  
precipitatio
n	
  

III.	
  VPR	
  Correction	
  

II.	
  S-­‐Prof	
  Observations	
  

• S-­‐Prof	
  captures	
  precipitation	
  variability	
  at	
  low	
  levels	
  that	
  is	
  
often	
  missed	
  by	
  operational	
  scanning	
  radar	
  

NEXRAD	
  (KMUX)	
  Coverage	
  

Time	
  

A
lti
tu
de

	
  

Cazadero	
  S-­‐Prof	
  and	
  KMUX	
  

• S-­‐Prof	
  
observation
s	
  used	
  to	
  
provide	
  a	
  
realistic	
  
VPR	
  
correction	
  

IV.	
  VPR	
  Correction	
  Applied	
  to	
  NMQ	
  Q2	
  
No	
  VPR	
  Correction	
   With	
  VPR	
  Correction	
  

• VPR	
  
correction	
  
improves	
  
QPE	
  

• VPR	
  
correction	
  
technique	
  
to	
  applied	
  
CONUS	
  in	
  
NMQ	
  Q2	
  



Four	
  Mile	
  Canyon:	
  	
  Assessment	
  of	
  Gap	
  Filling	
  Radar	
  for	
  QPE	
  
Instrument	
  Deployments	
  

NOAA	
  X-­‐band	
  

Radar	
  Observations	
  

KFTG	
  NEXRAD	
  

Results	
  
•  X-­‐band	
  captures	
  
amount	
  and	
  
spatial	
  
variability	
  

•  Next	
  step	
  to	
  
assess	
  impact	
  of	
  
QPE	
  on	
  runoff	
  



Quantitative	
  Precipitation	
  Forecasting	
  (QPF)	
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How	
  are	
  QPFs	
  monitored?	
  



Mission:	
  	
  
To	
  improve	
  QPF/PQPFs	
  and	
  establish	
  a	
  framework	
  to	
  translate	
  these	
  
advancements	
  into	
  improved	
  NWS	
  precipitation	
  and	
  hydrologic	
  forecasts.	
  
	
  

Objectives:	
  	
  
•  Develop	
  new	
  downscaling	
  and	
  post	
  processing	
  techniques	
  
•  Establish	
  new	
  observation	
  systems	
  and	
  techniques	
  
•  Improve	
  physics	
  parameterizations	
  and	
  initialization	
  of	
  numerical	
  

weather	
  prediction	
  models	
  
•  Develop	
  ensemble-­‐based	
  PQPF	
  techniques	
  
•  Improve	
  the	
  understanding	
  of	
  dynamical	
  and	
  physical	
  processes	
  

responsible	
  for	
  rare	
  but	
  heavy	
  and	
  frequent	
  but	
  moderate	
  precipitation	
  
events	
  

•  Develop	
  new	
  long-­‐range	
  forecasting	
  techniques	
  
•  Explore	
  traditional	
  (e.g.,	
  skill	
  scores)	
  and	
  non-­‐traditional	
  (e.g.,	
  object-­‐

oriented)	
  verification	
  methods	
  and	
  techniques	
  
•  Develop	
  ways	
  to	
  infuse	
  new	
  technologies	
  into	
  NOAA	
  operations.	
  

HMT	
  QPF	
  



Select	
  HMT	
  QPF	
  Results	
  
 An	
  HMT-­‐ensemble	
  system	
  was	
  

developed	
  for	
  the	
  HMT-­‐West	
  domain	
  
and	
  accumulated	
  rainfall	
  in	
  the	
  
domain	
  has	
  been	
  simulated.	
  

 Multiple	
  microphysics	
  
schemes	
  have	
  been	
  
analyzed	
  to	
  simulate	
  
accumulated	
  precipitation.	
  



•  Develop	
  experimental	
  real-­‐time	
  national	
  ensemble	
  	
  (~10	
  km)	
  
•  Validate	
  microphysics	
  of	
  EMC	
  and	
  WRF	
  model	
  output	
  
•  Baseline	
  extreme	
  QPF	
  performance	
  over	
  CONUS	
  
•  Develop	
  spatial	
  verification	
  techniques	
  for	
  

-­‐  HPC	
  32-­‐km	
  gridded	
  QPF	
  (CONUS)	
  
-­‐  Atmospheric	
  rivers	
  (West	
  Coast)	
  

•  Determine	
  moisture	
  sources	
  &	
  methods	
  of	
  transport	
  in	
  SE	
  
U.S.	
  

•  Analyze	
  reforecast	
  QPF	
  performance	
  for	
  AR	
  events	
  	
  
•  Conduct	
  forecasting	
  experiments	
  (NOAA	
  HMT-­‐HPC)	
  

-­‐  Winter	
  Weather	
  Experiment	
  
-­‐  Spring	
  Experiment	
  in	
  the	
  Hazardous	
  Weather	
  Testbed	
  
-­‐  AR	
  Retrospective	
  Forecasting	
  Experiment	
  

2012	
  HMT	
  QPF	
  Activities	
  



NOAA HMT – HPC 

Goal: Transfer science and technology innovations into 
operations to improve prediction of heavy precipitation  
 

 

Description 

A component of the NOAA HMT 

Roles: 
•  Identify and test new 

datasets to improve 
HPC forecasts 

•  Develop       
forecaster-relevant 
tools/techniques 

•  Provide training in 
new techniques to 
forecasters & 
researchers 

NOAA 
HMT 

HPC 
RFCs 
WFOs 

HMT-HPC 
Testbed 

OPERATIONS R2O & O2R 
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Experiments 
QPF Component of Spring Experiment 
Focus: Warm-season convection 
Datasets: Convection-allowing 
deterministic and ensemble guidance 
Lead Time: 0-36 hours 

Atmospheric Rivers Experiment (Fall 2012) 
Focus: Precipitation amounts and timing 
Datasets: High-res models and reforecasts 
Lead Time: 1-7 days 

Winter Weather Experiment 
Focus: Assess & communicate uncertainty 
Datasets: Convection-allowing deterministic 
and ensemble guidance 
Lead Time: 36-72 hours 

Sleet 



Snow	
  Information	
  



HMT	
  MAA:	
  	
  Snow	
  Information	
  

Major	
  sub-­‐themes	
  in	
  this	
  activity	
  presently	
  include:	
  
•  Snow	
  Depth	
  and	
  Snow	
  Information	
  
•  Snow	
  Level	
  and	
  Freezing	
  Level	
  Observations	
  
	
  

Before:	
  (Nov	
  ’07)	
  

Rain	
  gauge	
   Equipment	
  
trailer	
  

After:	
  Feb	
  ‘08	
  

Equipment	
  
trailer	
  

Rain	
  gauge	
  



HMT	
  Snow	
  Information	
  Activities	
  

•  Continued	
  operation	
  and	
  maintenance	
  of	
  HMT	
  snow	
  and	
  
precipitation	
  gauge	
  network	
  in	
  the	
  American	
  River	
  Basin	
  

	
  
•  Expansion	
  of	
  Snow-­‐level	
  Radar	
  network	
  in	
  California	
  to	
  ten	
  sites	
  

•  Washington	
  snow-­‐level	
  forecast	
  performance	
  analysis	
  and	
  
publication	
  

•  Expansion	
  of	
  California	
  SL	
  forecast	
  performance	
  analysis	
  

•  Blending	
  of	
  snow-­‐level	
  observations	
  and	
  numerical	
  weather	
  
prediction	
  analyses	
  to	
  produce	
  a	
  continuous	
  in	
  time	
  snow-­‐level	
  
product	
  

•  Outreach	
  to	
  expand	
  SLR	
  network	
  to	
  the	
  Pacific	
  Northwest	
  



HMT	
  Instrumentation	
  in	
  the	
  North	
  Fork	
  of	
  the	
  American	
  River	
  Basin	
  



HMT	
  Snow-­‐level	
  Research	
  Results	
  

NWS RFS 
Snow-17 
SAC-SMA 

24-h QPF = 4 in. 

White et al. 2002 
J Tech 

Flow	
  in	
  mountainous	
  watersheds	
  in	
  
sensitive	
  to	
  the	
  snow	
  level	
  

Snow-­‐level	
  forecast	
  performance	
  

White et al. 2010 
JHM 



Hydrologic	
  and	
  Surface	
  Processes	
  



•  Address	
  hydrologic	
  scientific	
  questions	
  and	
  forecast	
  
operations	
  implications	
  	
  

•  Inform	
  IWRSS	
  National	
  Water	
  Center	
  on	
  hydrologic	
  
modeling	
  and	
  decision	
  support	
  

GOALS	
  



•  Conduct	
  distributed	
  modeling	
  using	
  high	
  resolution	
  precipitation	
  fields	
  	
  
•  Primary	
  model	
  is	
  the	
  HL-­‐RDHM	
  -­‐	
  other	
  models	
  may	
  be	
  used	
  as	
  appropriate	
  	
  
•  Candidate	
  basins:	
  	
  

Russian–Napa	
  Rivers,	
  CA;	
  Babocomari	
  River,	
  AZ;	
  N.	
  Fork	
  American	
  River,	
  CA	
  	
  

•  Parameter	
  sensitivity,	
  parameter	
  identification,	
  calibration	
  and	
  verification	
  
activities	
  

•  Compare	
  the	
  distributed	
  model	
  results	
  with	
  those	
  obtained	
  from	
  the	
  lumped	
  model	
  
•  Apply	
  versions	
  of	
  QPE	
  and	
  QPF	
  hi-­‐res	
  precipitation	
  fields	
  
•  Examine	
  soil	
  moisture	
  	
  and	
  ET	
  dynamics	
  and	
  the	
  role	
  of	
  in-­‐situ	
  measurements	
  
•  Apply	
  WRF	
  ensemble	
  for	
  selected	
  rainfall	
  events	
  
•  Characterize	
  range	
  of	
  uncertainty	
  associated	
  with	
  the	
  various	
  hydromet	
  forcings	
  
•  Determine	
  what	
  measurements	
  of	
  precipitation,	
  soil	
  moisture,	
  evapotranspiration,	
  

and	
  stream	
  flow	
  are	
  most	
  critical	
  for	
  accurate	
  hydrological	
  modeling	
  
•  Examine	
  scalability	
  issues	
  of	
  distributed	
  hydrologic	
  input	
  data	
  and	
  modeling	
  in	
  

support	
  of	
  IWRSS-­‐NWC	
  

HASP	
  OBJECTIVES	
  



Goals	
  
•  More	
  forecast	
  points	
  

•  Tributary	
  flows	
  
•  QPE	
  /	
  QPF	
  
•  Soil	
  moisture	
  	
  
•  Uncertainty	
  	
  

	
  
Assess	
  lumped	
  vs	
  distributed	
  model	
  

•  CNRFC	
  forcings	
  and	
  lumped	
  model	
  outputs	
  
•  Compare	
  to	
  national	
  hydro	
  model	
  

	
  
IWRSS	
  Demonstration	
  

•  Stakeholder	
  involvement	
  
•  Monitoring	
  
•  Assimilation	
  /	
  Analysis	
  
•  Prediction	
  	
  
•  System	
  Integration	
  and	
  Decision	
  Support	
  
•  Assessment	
  of	
  benefits	
  

Russian	
  River	
  Basin	
  



SOIL	
  MOISTURE	
  

River	
  Gages	
   Field	
  Capacity	
  

22	
  July	
  2008	
  rainfall	
  brought	
  the	
  soil	
  column	
  to	
  wetness	
  values	
  exceeding	
  field	
  
capacity;	
  seXng	
  the	
  stage	
  for	
  the	
  flood	
  observed	
  23	
  July	
  in	
  the	
  lower	
  basin*	
  

*Zamora,	
  R.	
  et	
  al.	
  2009:	
  The	
  NOAA	
  Hydrometeorology	
  Testbed	
  Soil	
  Moisture	
  Observing	
  Networks:	
  Design,	
  
Instrumenta<on,	
  and	
  Preliminary	
  Results.	
  J.	
  Hydromet.	
  October.	
  	
  



Emerging	
  Directions	
  



HMT-­‐SE	
  Pilot	
  Study	
  (HMT-­‐SEPS)	
  

  HMT-­‐SEPS	
  is	
  pilot	
  project	
  in	
  western	
  NC	
  
  Primary	
  focus	
  is	
  Upper	
  Catawba	
  watershed	
  near	
  Asheville	
  
  2ndary	
  focus	
  is	
  coastal	
  region	
  

  Project	
  dura<on	
  is	
  May	
  2013	
  –	
  April	
  2015	
  
  Instrument	
  deployments	
  May	
  2013-­‐Spetmeber	
  2014	
  

  Involve	
  close	
  coordina<on	
  with	
  NASA	
  GPM	
  GV	
  
  QPE	
  is	
  big	
  driver	
  for	
  both	
  GPM	
  GV	
  and	
  HMT-­‐SEPS	
  
  GPM	
  GV	
  will	
  have	
  intensive	
  field	
  campaign	
  May-­‐June	
  2014	
  in	
  same	
  region	
  

  Major	
  focus	
  of	
  HMT-­‐SEPS	
  is	
  QPE	
  and	
  QPF	
  
  Profiler	
  DSD	
  retrievals	
  /	
  par<<on	
  profiler	
  data	
  
  NEXRAD	
  DSD	
  retrieval/RR	
  comparisons	
  
  Integra<on/evalua<on	
  of	
  QPE	
  in	
  NMQ/MPE	
  
  Extreme	
  precipita<on	
  climatology	
  correlated	
  to	
  moisture	
  sources/transport	
  
  Process	
  studies	
  



Up	
  to	
  493	
  mm	
  
rainfall	
  in	
  2	
  days	
  
caused	
  major	
  

flooding	
  

Physical	
  Processes	
  Associated	
  with	
  Heavy	
  Flooding	
  Rainfall	
  in	
  	
  
Nashville,	
  Tennessee,	
  and	
  Vicinity	
  during	
  1–2	
  May	
  2010:	
  	
  

The	
  Role	
  of	
  an	
  Atmospheric	
  River	
  and	
  Mesoscale	
  ConvecXve	
  Systems	
  
Ben	
  Moore,	
  Paul	
  Neiman,	
  Marty	
  Ralph,	
  Faye	
  Barthold	
  

Monthly	
  Weather	
  Review	
  (2012)	
  

Nashville	
  TN	
  



KGSP	
  

KMRX	
  

Possible	
  NOAA/
NASA	
  Surface	
  +	
  
soil	
  moisture	
  

PSD	
  Surface	
  +	
  
S-­‐Prof	
  

Possible	
  NOAA	
  
Surface	
  +	
  S-­‐
Prof	
  +	
  449	
  MHz	
  
w/RASS	
  

Pisgah	
  
Astronomical	
  
Research	
  Inst.	
  
(PARI)	
  –	
  Wind	
  
Profiler	
  

Coweeta	
  
LTER	
  (NSF)	
  

Univ.	
  Iowa	
  
X-­‐band	
  
radar	
  

NEXRAD	
  

CAP	
  915	
  Profiler	
  

NASA	
  D3R	
  
radar	
  

NASA	
  NPOL	
  
radar	
  

HMT-­‐SEPS	
  Basin	
  Scale	
  Map	
  



HMT-­‐SE	
  early	
  research:	
  Extreme	
  precipita<on	
  	
  
•  What	
  is	
  the	
  climatology	
  of	
  extreme	
  precipita<on	
  events	
  in	
  the	
  southeast	
  

U.S.?	
  
•  How	
  do	
  QPF	
  errors	
  relate	
  to	
  the	
  largest	
  observed	
  precipita<on	
  events?	
  	
  
•  What	
  are	
  the	
  primary	
  moisture	
  sources	
  and	
  moisture	
  transport	
  mechanisms	
  

for	
  extreme	
  rainfall	
  in	
  the	
  southeast	
  U.S.?	
  	
  

Climatology	
  of	
  extreme	
  precipita<on	
  in	
  southeast	
  U.S.	
  	
   Seasonality of extremes:  
Frequency of extreme precip days in each season displayed as a percent 
of the total number of extreme precip days over the entire 10-y period 

(Ben	
  Moore)	
  

Data source:  
4-km NCEP Stage-IV radar and multi-sensor precipitation analysis 
 

Methodology:  
Define extreme events by 99th percentile of wet days (per gridpoint) 

Southeast U.S. experiences extreme rainfall over all seasons 

DJF	
   MAM	
  

JJA	
   SON	
  



HMT-­‐SE	
  early	
  research:	
  Extreme	
  precipita<on	
  	
  
•  What	
  is	
  the	
  climatology	
  of	
  extreme	
  precipita<on	
  events	
  in	
  the	
  southeast	
  

U.S.?	
  
•  How	
  do	
  QPF	
  errors	
  relate	
  to	
  the	
  largest	
  observed	
  precipita<on	
  events?	
  	
  
•  What	
  are	
  the	
  primary	
  moisture	
  sources	
  and	
  moisture	
  transport	
  mechanisms	
  

for	
  extreme	
  rainfall	
  in	
  the	
  southeast	
  U.S.?	
  	
  
Extreme	
  event	
  composite	
  research	
  

Composite fields based on strongest 
southerly IVT over all of southeast 

Case	
  study	
  analysis	
  and	
  model-­‐based	
  experiments	
  

Moore	
  et	
  al.	
  2012	
  

Observed	
  precipita<on	
   WRF-­‐simulated	
  precipita<on	
  

Example:	
  How	
  does	
  intensity,	
  direc<on	
  of	
  strongest	
  moisture	
  
transport	
  relate	
  to	
  precip	
  amount,	
  other	
  predictors?	
  

Example:	
  Use	
  WRF	
  to	
  simulate	
  observed	
  cases	
  and	
  composites:	
  
test	
  hypotheses	
  (e.g.,	
  roles	
  of	
  moisture	
  sources,	
  terrain	
  impacts)	
  

TN	
  floods:	
  May	
  2010	
  

WRF	
  	
  model	
  run	
  using	
  4-­‐km	
  gridspacing,	
  explicit	
  convec<on,	
  and	
  
CFSR	
  ini<al	
  condi<ons:	
  closely	
  matches	
  observed	
  heavy	
  rainfall	
  

	
  
Please	
  see	
  HMT-­‐SE	
  Poster	
  (Mahoney	
  et	
  al.	
  ,	
  2:20pm	
  

Wednesday	
  5/2)	
  for	
  more	
  informa<on	
  



Objec<ve	
  AR	
  Iden<fica<on	
  Procedure	
  

•  Isolate	
  top	
  of	
  the	
  tropical	
  water	
  
vapor	
  reservoir	
  

•  Threshold	
  IWV	
  values	
  at	
  
mul<ple	
  levels	
  and	
  compute	
  
gradients	
  

•  Cluster	
  points	
  above	
  thresholds	
  
and	
  compute	
  skeleton	
  to	
  
es<mate	
  axis	
  

•  Iden<fy	
  points	
  sa<sfying	
  width	
  
criteria	
  

•  Cluster	
  center	
  points	
  to	
  iden<fy	
  
segments	
  of	
  sufficient	
  length	
  

•  Extract	
  AR	
  characteris<cs	
  
•  Determine	
  if	
  AR	
  intersects	
  land	
  

or	
  is	
  poten<ally	
  influenced	
  by	
  
data	
  gaps	
  

Example	
  from	
  November	
  7,	
  2006	
  

Wick	
  et	
  al.,	
  2012,	
  IEEE	
  TGRS,	
  in	
  revision.	
  



Phasing	
  of	
  tropical	
  and	
  extratropical	
  
condiXons	
  leading	
  to	
  entrainment	
  of	
  
tropical	
  water	
  vapor	
  into	
  the	
  AR	
  

The	
  frontal	
  wave	
  increased	
  the	
  
duraXon	
  of	
  AR	
  condiXons	
  where	
  the	
  
extreme	
  precipitaXon	
  occured	
  



Ver<cally	
  Integrated	
  Vapor	
  Transport	
  (IVT)	
  
Observa<ons	
  of	
  IVT	
  are	
  
available	
  from	
  profiling	
  
systems,	
  including	
  
dropsondes,	
  radiosondes	
  
and	
  AROs,	
  but	
  are	
  not	
  
available	
  from	
  satellite.	
  
	
  
Model	
  output	
  can	
  be	
  
used	
  to	
  calculate	
  maps	
  of	
  
IVT,	
  as	
  shown	
  here.	
  
	
  
AWIPS	
  Volume	
  Browser	
  
can	
  now	
  calculate	
  the	
  IVT	
  
by	
  modifying	
  the	
  
configura<on	
  files	
  per	
  the	
  
dan.txt	
  file	
  
	
  
	
  
Courtesy	
  of	
  B.	
  MoQa,	
  M	
  
Kelsch,	
  CIMMS	
  

A	
  key	
  variable	
  is	
  the	
  ver2cal	
  integral	
  of	
  the	
  
horizontal	
  water	
  vapor	
  transport	
  –	
  called	
  “IVT”	
  

IVT	
  

Example	
  from	
  2010	
  
Tennessee	
  flood	
  



Thank	
  You	
  


